The Spanish Central System has been subjected to repeated fluid incursions, which were responsible for a variety of mineralizing episodes including W-Sn, Cu-Zn-Pb-As-(Ag), F-Ba and barren quartz veins. These hydrothermal fluids occurred over a 200 Ma time period and the latest hydrothermal event is recorded in barren quartz veins. This study is a multidisciplinary approach leading to the characterization of the hydrothermal fluids preserved in barren quartz veins, which are spatially but not temporally related to Hercynian upper crustal granites. The veins were dated by the 39 Ar/4o Ar method, and the fluids were examined using petrographic, microthermometric, chemical and isotopic methods. Fluid inclusions in barren quartz veins indicate that two fluids were related to this hydrothermal event. The main part of the quartz veins were formed from an early low salinity « 1 wt% N aCI) H20-NaCl fluid. This fluid was trapped at around 270 ± 25 QC and 0.1-1 kbar under sublithostatic to hydrostatic conditions. a 18 0 (-9 to 2%0) and aD (-70 to -34.5%0) values indicate a meteoric origin for water, with significant water/rock interactions. The latest H20-NaCI-CaCI2 fluid is found in two types of fluid inclusions: a primary liquid-vapour type (16-24 wt% NaCl and 1-12 wt% CaClz) and secondary hypersaline type (7-15 wt% NaCI and 21-27 wt% CaCI2). Significant Li concentrations in this fluid were confirmed. This late Ca-bearing fluid formed quartz crystals in the central part of the veins, and was trapped at 70-140 QC, at a maximum pressure of 0.5 kbar. The low a l8 0 (-20 to -6%0) and aD (-137 to -116%0) values suggest a meteoric origin for this fluid, however its high salinity probably requires a source from Triassic evaporite basins located in the NE tip of the Spanish Central System. Anomalously low isotopic values have been previously reported from kaolinites of Lower Cretaceous age. Anomalous climatic conditions during the Cretaceous appear to be the main reason to explain this very negative meteoric water. Strong isotopic depletion in meteoric water has been observed in modern areas with monsoonal climates. The hydrothermal evolution of barren quartz veins in the Spanish Central System is comparable to other hydrothermal Post-Variscan events in central and south-western Europe related to the opening of the NorthAtlantic during Cretaceous time.
Introduction
The Spanish Central System has been subjected to repeated fluid incursions, which are responsible for different types of granite-hosted and metamorphic-hosted mineralization: W-Sn, Cu-Zn-Pb-As(Ag) sulphides, F-Ba and barren quartz veins. Thus, the Spanish Central System offers a good opportunity to analyse a variety of hydrothemal fluids, which may be compared to other hydrothermal 1 Fax: +34-95-812-96-00.
Post-Variscan events in Europe. These hydrothermal fluids span a time interval of around 200 Ma. Fluids trapped in the barren quartz veins represent the latest hydrothermal event (Caballero et aI., 1992; Tornos, Delgado, Casquet, & Galindo, 2000; Vindel, Lopez, Martin Crespo, & Garcia, 2000) . Tungsten base-metal transport were related to aqueous-carbonic fluids (Garcia, Vindel, & Lopez Garcia, 1999a,b; Vindel, Lopez, Boiron, Cathelineau, & Prieto, 1995) , fluorite-barite ores to aqueous fluids (Galindo, Tornos, Darbyshire, & Casquet, 1994; Tornos, Casquet, Locutura, & Collado, 1991) and later barren quartz veins to CaCI2 brines (Martin Crespo, Lopez Garcia, Banks, Vindel, & Garcia, 1999) . This study encompasses for the first time the whole evolution of hydrothermal events. Cabearing fluids have not been previously clearly defined in
Granite-hosted barren quartz veins
These veins range in thickness from 0.3 to 5 rn, have strike lengths of up to 2 km and have subvertical dips. The two most frequent strike directions are N20"E and NllO"E, which follow the main extensional directions between Lower and Upper Cretaceous cover (Alonso & Mas, 1982) .
Host rock features and the main characteristics of the veins are outlined below:
Colmenarejo (COL): barren quartz veins crosscut the Zarzalejo-Valdemorillo biotitic monzogranite. The texture of this granite is typically hypidiomorphic and equigranular, however, a porphyritic facies with a medium-grained matrix has also been observed. The veins are located in the SE of the area and comprise a group of 10 N20"E veins. Several later fractures striking E-W have affected the quartz veins. Cerceda (CER): veins occur throughout two granite types, a fine-grained leucogranite and a porphyritic coarse-grained monzogranite (El Carmn type; Villaseca et aI., 1998) . Four quartz veins have been recognised along the contact between the two granites, which display a predominantly strike N-S. The Manzanares el Real (MAN) quartz vein also crosscuts the El Carmn granite (Villaseca et aI., 1998) . A single N1l6"E barren quartz vein has been recognised in this area. The La Cabrera (CAB) massifrepresents the eastern-most granitic intrusion in the Spanish Central System. It comprises of several varieties of granite. The main facies comprises medium to coarse-grained biotitic granites and monzogranites with subordinate porphyritic varieties. Medium to fine-grained, biotitic, highly evolved leucogranites are related to this main fades . The studied quartz vein occur in the biotitic granite, striking N20"E, and is located in the SW part of the batholith.
Three morphological and textural types of quartz can be distinguished in most of the veins: (1) massive quartz (QI) at the vein margins. Suitable fluid inclusions for microthermometric analyses (>5 fJ.m) are not recognised in this type of quartz; (2) central part of clear quartz crystals (QII) located in the centre of the veins, and (3) margin of QII crystal (QID). Both QII and QID appear in vug cavities and contain abundant fluid inclusions. Hydrothermal muscovite, minor amounts of fluorite and iron oxides have been recognised between quartz crystals (Table 1) .
Hydrothermal alteration is restricted to the proximity of the lodes (around 0.5 m width), and is poorly developed. Muscovitization and chloritization are the usual and most (1) leucogranite, (2) coarse-grained monzogranite, (3) porphyritic monzogranite, (4) not assigned granite, (5) monzogranite, (6a) coarse-grained leucogranite, (6b) leucogranite, (7) metamorphic rock, (8) barren quartz vein (after Villaseca et al., 1998). important alterations. Muscovitization is generated by alteration of feldspars, while chloritization is restricted to the alteration of biotites within the granites.
Gneiss-hosted barren quartz veins
Gneiss-hosted quartz veins (Colmenarejo and Colrnenar Viejo) crosscut pre-Hercynian augen orthogneisses. They show a similar structural setting, paragenesis and wallrock alteration to the granite-hosted veins. At Colmenarejo, the N200E veins cut both a monzogranite and a augen orthogneiss. Brecciation of wallrock and veins is characteristic, showing typically massive veins and crosscutting rnicroveins, like stockworks. Brecciated fragments of wall-rock occur in several veins. Only QI and QII quartz types are recognised in these veins. Hydrothermal alteration is restricted to a narrow zone (~10 cm) adjacent to the veins and is characterised by muscovitization of feldspars. Five barren quartz veins striking N20-40"E have been studied at Colmenar Viejo. Silicification and muscovitization were recognised as hydrothermal alterations. A microthermometric study (~1000 inclusions from 44 samples) was carried out on doubly polished wafers «300 fLm in thickness) using a Linkarn THMSG 600 heating-freezing stage (MacDonald & Spooner, 1981) . The stage was calibrated with melting-point of solid standards at T> 25°C, and natural and synthetic inclusions at T < 0 QC. The rate of heating was monitored in order to get an accuracy of ±O.2 QC during freezing, ± 1 QC when heating over the 25-400 °C range, and ±4 °C over the 400-600 °C range. Salinity of H,O-NaCI inclusions, expressed as equivalent weight percent NaCl, was calculated from rnicrotherrnornetric data using equations from Bodnar (1993) . Salinity and composition of H,O-NaCI-CaCI, inclusions was established from ice, hydrohalite and halite melting temperatures using a :Microsoft Excel Add-in developed by 1. Naden (Naden, 1996) . P-Tproperties for the H,o-NaCI-CaCl, system are not available, but data from Zhang and Frantz (1987) for the H 2 0-NaCl system can be used to approximate the inclusion isochores.
Determination of ion ratios in individual fluid inclusions was done by Laser Induced Breakdown Spectroscopy (LIDS), coupling laser ablation with an optical emission spectrometer at CREGU, Nancy. Recent developments using LIDS, previously described by Boiron et a1. (1991 Boiron et a1. ( , 1997 , Fabre, Boiron, Dubessy, and Moissette (1999) and Moissette et a1. (1997) , have shown that this method can be adapted for the analysis of the ion content in indi vidual fluid inclusions. A 5 ns laser pulse is delivered by a Nd-YAG laser (266 nm) and focused onto the sample through a Cassegrain objective. A plasma is created by the interaction of the laser and matter. Emission lines of elements present in the plasma are directly analysed by an optical emission spectrometer equipped with a pulsed and gated multichannel detector. The intensity of the emission lines is proportional to the concentration of the elements. The repeatability of LIDS for net intensity ratios is around 10 and 20% for glasses and fluid inclusions, respectively (Fabre et al., 1999) . Such results are quite acceptable for the validation of the analytical data. The detection limits are calculated for major elements in fluid inclusions and are for Na and Li 10 ppm, Ca 20 ppm and K 750 pprn. These detection limits are those required for the determination of ions in a majority of fluid inclusions.
Bulk crush-leach analysis was performed on samples (between 0.5 and 1 g) prepared and analysed using the procedures set out in Bottrell, Yardley, and Buckley (1988) , and modified by Yardley, Banks, Bottrell, and Diamond (1993) . The anions Cl and Br were analysed by ion chromatography on double distilled water leaches using a Dionex 4500I HPLC. Na was determined on the same solution leached with an acidified LaCI} solution by Flame Emission Spectroscopy (PES).
Irradiation and stepwise heating of micas was done according to Kamber, >Blenkinsop, Villa, and Dahl (1995) . 10 rng of mica were handpicked to achieve visual purity of ~ 100%. The selected sample was irradiated in the Ris~ reactor (Denmark), and step-heated in a double-vacuum resistance oven connected to a MAP 215-50B mass spectrometer. The analyses were carried out at the 11ineralogisches Institut, Bern (Switzerland). Thermal decrepitation was chosen as the method for extracting fluid inclusions from quartz for the hydrogen isotope analyses. Values of OD fluid were determined using the uranium technique, with a similar methodology to that described by Godfrey (1962) . Samples were degassed overnight by heating at 70 °C under high vacuum. The platinum crucible was then heated (by a radio-frequency induction furnace) to approximately 1200°C. The released water was converted to hydrogen by passing over uranium metal at about 800 °C. 8018 was determined in quartz (10-15 mg) reacting with a stoichiometric excess of ClF} at 650 QC for 12 h (Borthwick & Harmon, 1982; Vennemann & Smith, 1990) . Released oxygen was converted to CO, by reaction with a hot platinized graphite rod (Clayton & Mayeda, 1963) . The isotope ratios were measured in a FilUligan MAT 251 mass spectrometer. Commercial CO 2 was used as the internal standard for the oxygen analyses of silicates contrasted with the V -SMOW, SLAP and GIPS water . .
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• standards, glVlng a value of 8180 ~ +9.6 ± 0.15%, (V-SMOW) for the international NBS-28 (quartz) standard. The analyses were carried out using a Finnigan l\1AT 251 spectrometer at the Stable Isotope Laboratory, Estacion Experimental del Zaimn (Granada, Spain).
Fluid inclusion data

Fluid inclusion petrography and chronology
Three types of fluid inclusion were identified in the quartz veins. They are all aqueous and no C-N-S species were detected by micro-Raman analysis (at G2R, Nancy, France). Notation of the fluid inclusion types follows the nomenclature of Boiron, Essarraj, Sellier, Cathelineau, Lespinasse, and Poty (1992) , which takes into account the nature of the dominant chemical phases and the type of phase change. The relative chronology of the fluid inclusions is deduced from textural observations.
Lwl: idiomorphic inclusions (liquid + vapour) have been located as primary in the centre of the quartz crystals (QII) following growth planes parallel to the crystal faces ( (Fig. 2b ). They can also be secondary, scattered along healed fractures in the centre of the crystals (QII) (Fig. 2c) . They contain liquid + vapour at room temperature.
Lw-h: inclusions contain at least three phases (liquid + vapour + solid) at room temperature including a daughter crystal (Fig. 2d) . They occur as pseudosecondary inclusions in QID and, as trails of secondary inclusions cross-cutting Lw 1 and Lw2 fluid inclusion populations. This inclusion type represents the last hydrothermal event in the barren quartz veins. Lw2 and Lw-h fluid inclusions are absent in the gneiss-hosted quartz veins.
Microthemometric results
Results are summarised in Table 2 , together with all microthermometric abbreviations used in the text.
Lw1 inclusions
The first observable melting of ice takes place at around -25 QC. These eutectics are consistent with the interpretation of an aqueous solution belonging to the H,O-NaCl system (Shepherd, Rankin, & Alderton, 1985) . The T M1CE values (-0.6 to O°C; mode: -OA) indicate low salinity, lower than 1 wt% NaCl. TH L-V are in the range of 140-300 °C, with 250 °C as the modal value (Fig. 3) .
Lw2 inclusions
Values of T FM , ranging from -67 to -55°C (mode: -61 °C) and the brown-coloured character of crystals are both consistent with the presence of CaCl 2 in the fluid (Shepherd et aI., 1985) . However the temperatures are lower than the theoretical eutectic temperature in the H,O-NaCI-CaCl, system, ~ -52 °C (Borisenko, 1977; Yanatieva, 1946) . Such low TFM values have been attributed to (i) a melting sequence according to the model univariant curve with a metastable eutectic point of around -70 QC (Davis, Lowenstein, & Spencer, 1990; Spencer, Moller, & Weare, 1990) , and/or (ii) to the presence of adrlitional components such LiCl (Zwart & Touret, 1994) . Microthermometric analyses are based on measuring solidliquid transition temperatures (T FNI, T MICE, or THH)' However, first-melting temperatures and identification of freezing-phases are indeed difficult to recognise, and are prone to error and misinterpretation. Raman spectra data from frozen solution in the system H 2 0-NaCI-CaCI 2 indicate that at least some phase transitions between about -70 and -50 QC represent a crystallization event (hydrohalite and antarcticite crystallization) and not a metastable melting event (Samson & Walker, 2000) . The demostrated existence of these crystallization events in natural fluid inclusions could lead lll1warranted the interpretation of phase transitions below -50 °C (Sarnson & Walker, 2000) .
Hydrohalite melting THJl (-18.2 to -2 °C; mode: -8 °C) occurs after ice melting T MICE (-26.7 to -21.5 °C; mode: -25 °C). The composition of these fluids has been calculated using an Excel-macro (Naden, 1996) , and lies in the high salinity part of the H,O-NaCI-CaCl, system, below the ice-hydrohalite cotectic curve around 16-24 wt% NaCl and 1-12 wt% CaCl,. The bulk salinity ranges between 24 and 27.3 equiv. wt% NaCl (mode: 26 equiv. wt% NaCl). 
Lw-h inclusions
These inclusions contain at least three phases at room temperature including a daughter halite crystal. The other solids are interpreted as trapped crystals because they do not dissolve or start to dissolve during heating, and are anomalously large compared to their host inclusions and constant liquid/solid volume ratios are not giving. Some of these have been identified as plagioc1ase and lamellar muscovite using SEM + EDS combining the morphology of the solids with qualitative chemical analysis. TH L-V homogenisation temperatures range from 60 to 160 °C (mode: 130 °C), and dissolution temperatures of halite from 120 to 220 °C (mode: 150 °C). An approximation to the high bulk salinity has been calculated for the Lw-h inclusions at between 30 and 38.1 equiv. wt% NaCI (mode: 37 equiv. wt% NaCI). The estimated compositions (calculated by a Microsoft Excel add-in, Naden, 1996) are 7-15 wt% NaCI and 21-27 wt% CaCl,. Lw-h inclusions show dissolution temperatures of halite that are higher than homogenisation temperatures (Ts> TH) ' It is likely that Lw-h inclusions have a possible mixture of additional components such as KCI, LiCI or H,S (Zwart & Touret, 1994) .
A TH-salinity plot (Fig. 4a) indicates the presence of two fluids of different salinity but with a similar TH range (70-140 °C). Lw2 inclusions are less saline than pseudosecondary and secondary Lw-h inclusions, thus indicating a progression to higher salinity with quartz crystallization.
The Lw-h fluid is enriched in Ca relative to the Lw2 type (Fig. 4b ). Slight differences in the NaCllNaCI + CaCl, ratio can be observed between the different quartz veins. The La Cabrera vein, which is located in the northern part of the area, contains Lw2 inclusions with high NaClINaCI + CaCl, ratios; no Lw-h inclusions were observed. Lw2 fluid inclusions from Colmenarejo quartz veins, which are located in the southern part of the region, are more calcic. Inclusions from the other veins, Manzanares and Cerceda, show a wide range in Na/Ca rations and typically have lower TH values.
Ion analyses
The atomic ratios Na/Ca and NalLi were measured in Lw2 and Lw-h inclusions, however ratios in Lwl inclusions could not be estimated due to their low salinity. Mole ratios for Lw2 inclusions are: Na/Ca ~ 7 and NalLi ~ 14. Lw-h inclusions show an enrichment in Ca and Li (Na/Ca = 1.5, NalLi ~ 3) with respect to Lw2 inclusion. These ratios confirm the presence of significant amounts of Li in Lw2 and Lw-h inclusions. Moreover, an enrichment in Li and Ca content is observed from the Lw2 to the Lw-h inclusions. Li concentrations have been measured in quartz crystals and range from 0 to 400 pprn.
Previously published data on bulk crush-leach analyses (Martin Crespo et aI., 1999) NalBr molar ratio (508 to 1054) is close to the ratio for sea water (ClfBr: 655 and NalBr: 562, after Horita, Friedman, Lazar, & Holland, 1991), but slightly impoverished in Br.
P-T conditions
A reconstruction of the P-T conditions that prevailed during the entrapment of the fluids is given in Fig. 5 .
The latest stage of quartz deposition is characterised by the circulation of H,O-NaCI-CaCI, fluids. Since Lw2 and Lw-h inclusions show no evidence of boiling, and a mineral geotherrnorneter is not available, fluid pressure is assumed to be greater than or equal to hydrosthatic pressure (Ph) . Vuggy textures and the brittle nature of the host rock are taken as indicators of a hydrostatic pressure regime for this fluid. Maximum fluid pressures were constrained by the maximum depth of burial. Late Hercynian granites in the Spanish Central System were emplaced at depths of between 5 and 8 km, under a lithostatic pressure at ~2 kbar (Villaseca et aI., 1998) . If the pressure regime was entirely hydrostatic, a depth of 5 km indicates a P',id of less than 0.5 kbar. For this pressure range, the CaCI, bearing fluids were trapped at 70-140 "C (Fig. 5) .
The early stage of hydrothermal circulation is characterised by a H,O-NaCI fluid represented by low salinity inclusions. The mineral assemblage provides no additional constraints on the P-T conditions. Although TH ranges between 140-220 and 230-300 "C, the most probable conditions for this stage are derived for modal isochores having TH in the 230-300"C range. The TH range between 140 and 220 "C has been only measured in some fluid inclusions from the single quartz vein of the La Cabrera, and has not been considered representative data for P-T estimations. Trapping pressures are difficult to estimate precisely, but a maximum depth of 5 km suggests pressures < 1 kbar, assuming a transition from lithostatic to hydrostatic pressure 1.5 "T""---~-T!"""-~~:---~r"'T"'---""'T"--"'" regime during the earlier hydrothermal circulation stages. The overall fluid evolution shows a decreasing trend in the temperature and a progressive enrichment in NaCI and CaCl2 content.
39 Ar/40 Ar geochronology
To constrain the evolution of the fluids, hydrothermal muscovites from granite-hosted quartz veins (Colmenarejo) were analysed by the 39 Ar/40Ar method. The spectrum obtained has a staircase shape (Fig. 6) . A 'plateau' age of 274 ± 5 Ma is suggested by three of the four late steps between 45 and 95% fractional 39 Ar release. The steps with the lowest age could be explained by diffusion processes and by some post-crystallization heating, mainly at the border of the samples because of the later hydrothermal heating events. Several Mesozoic hydrothermal events have been recognised in the Spanish Central System, and Villa (1998) has shown that fluid-mineral interaction is more relevant for isotopic exchange compared to the thermal history of a mineral. Anyhow, the later hydrothermal
80 100 Fig. 6 . Age spectrum of hydrothermal white mica. The spectrum obtained has a staircase shape and the 'plateau' is suggested by three of the four late steps. Table 3 Stable isotope data. Measured (Meas.) fluid aD and alRo are bulk values for the total fluid inclusion population and quartz, respectively. Calculated (Calc.) fluid alSo values are derived from the bulk mineral data by means of fractionation factors at the appropriate temperature (Clayton et aI., 1972) , Fluid inclusions temperature range.
b Calculated using equations of Clayton et al. (1972) at the appropiate temperature. C Anomalous data because of probably mixing with Lw2 inclusions.
temperatures have not raised the closure temperature for muscovites (Villa, 1998) . The age determined in the present study is higher than previously reported for sericite from phyllic alteration surrounding barren quartz veins, which was dated by the K-Ar method at 100 ± 4 Ma (Caballero et aI., 1992) . The large difference between the two ages suggests that two different hydrothermal events have been dated. The muscovite age determined in this work may correspond to the first hydrothermal stage. Alteration events around 270 Ma coincide with Permian extensional tectonics, and with a major hydrothermal phase in the Spanish Central System. The hydrothermal stage dated around 100 Ma corresponds to Lower Cretaceous, could be related to the later Ca-bearing fluids present in the barren quartz veins and considered as a younger reactivation of the faults. 
Stable isotope results
The isotopic composition of the fluid have been measured (Meas.) for the 8D values and calculated (Calc.) for the 8 18 0 values (Table 3) .
The Lwl fluid in granite-hosted veins shows a range of bulk 8D (-70 to -38%0) and 8 18 0 (-8 to 1%0), comparable to values in gneiss-hosted veins (-64 to -34.5%0 for 8D and -9 to 2%0 for 8 18 0). The low 8 18 0 values indicate a meteoric origin for the water, although the more positive values can be related to the interactions water-rocks (Fig. 7 ). An origin from sea water can be excluded since evaporated seawater will be close to halite saturation (~26.3 equiv. wt% NaCI; Holser, 1979) , and the Lwl fluid contains only 0.15-1 equiv. wt% NaCI. 
Discussion
The early (Lwl) H,O-NaCI fluid inclusions represent a high oD, 0 18 0, high temperature and low salinity fluid consistent with an origin related to meteoric waters.
Fluids characterised as H,O-NaCI have been recognised as being associated with earlier hydrothermal events of several age at the Sierra de Guadarrarna: W -(Sn)-sulphide veins (Garcfa et aI., 1999a; Vindel et aI., 1995) , epysienites (Caballero, 1993) , As-(Ag) mineralizations (Garcfa et aI., 1999b) and barite-fluorite (pb-Zn) veins (Tom os et aI., 1991) . Therefore this type of fluid was present during all hydrothemal activity in the area.
The H,O-NaCI-CaCI, fluids represent a late and minor event relative to the H 2 0-NaCI fluids, and are restricted to granite-hosted veins. The absence of Ca-fluid inclusions in the gneiss-hosted quartz veins could be related to the hosted lithology. Foliation of gneisses could favour the fluid migration out of the veins. Stable isotope data indicate a meteoric origin for the H,O-NaCI-CaCI, fluid, but the high salinity was probably derived from dissolution of evaporites. The age of the late fluid is <;100 Ma, allowing the possibility that the fluid percolated through Triassic evaporites. Significant Mesozoic evaporitic basins are located in the northeast of the Spanish Central System (SCS) (Utrilla, Om, Pueyo, & Pierre, 1989; Utrilla, Pierre, Om, & Pueyo, 1992) . The northern (Atlantic domain) and southern (Tethys domain) parts of the SCS were connected during the Cretaceous via NE-SW and NW -SE faults (Casas et aI., 1998) . Both sedimentary basins were palaeogeographically linked (Gil & Garcfa, 1996) . Li represent a good tracer of the evaporitic evolution of primary solutions. It behaves conservatively during seawater concentration and evaporite precipitation (Fontes & Matray, 1993) . Significant Li concentrations in quartz crystals and in the H,O-NaCI-CaCI, fluid were measured. High Li concentration have been typically reported from evaporitic sequences and attributed to highly concentrated brines (Fontes & Matray, 1993) . Na/Br and CIlBr ratios can be used to distinguish ions from different sources (Kesler et aI., 1995) . Halogens (CIlBr and Na/Br ratios) from crushleach analysis could represent their original seawater signature in a marine/evaporitic environment.
Moreover, the CaCl 2 content is also consistent with dissolution of evaporites, thus other Ca sources are not necessary. Sedimentary carbonates (higher 0180 ) and lower waterrock ratios are concordant with diagenetic water enriched in 180 but not in D (Fig. 7) .
It is important to stress that during Cretaceous time, this area was a low latitude (Ziegler, Scotese, & Barret, 1983) . At present, the oxygen isotopic composition of meteoric water in latitudes between 0 and 20 0 is typified by values ranging between + 1.5 and -7%0 (SMOW) (Rozanski, Araguas, & Gonfiantini, 1993) . Ocean waters during the Mesozoic Era were between 2.3 and 1.2%0 lighter than at present (Scherer, 1977; Shackleton & Kennett, 1975) . Therefore, a meteoric water derived from the evaporation of marine waters at that time could fall between -0.8 and -9.3%0 (SMOW). Even so, the measured (-137%0< oD < -116%0) and calculated (-20%0 < 0180 < -6%0) isotopic composition of the fluids are too negative to be explained by differences in seawater composition. Most explanations for H,O-NaCI-CaCI, fluids with anomalously low oD values are related to high-latitude and/or high altitude meteoric precipitation (Gleeson et aI., 1999 Dutta and Suttner (1986) and Marfil, Delgado, Rossi, La Iglesia, and Ramseyer (2000) , sllldying kaolinites from this period, have also reported anomalously low isotopic values (compared to recent kaolinites that were formed in weathering profiles at low latillldes). A possible explanation could be the so called 'amount effect', that leads to more negative rain waters than expected at these latitudes (Fontes, 1980; Rozanski et aI., 1993) . At middle and lower latitudes, the isotopic content of precipitation is found to be higher in small amounts of rain but never near the poles. Highly depleted oxygen isotope values of actual and recent sediments indicate an origin related with wet periods characterised by intense tropical summer (monsoonal) rainfall with heavy thu nderstorms (Luckge, Doose-Rolinski , Khan , Schul z, & Von Rad, 2001 ). Therefore, we should expect strong isotopic depletion in meteoric waters, such as those observed in modem areas with monsoonal climates (Feng, Cui, Tang, & Conkey, 1999; Marfil et aI., 20(0) . Thus, periods of high precipitation and dissolution of evaporites may have promoted the formation of Lw2 fluids in equilibrium with very negative and high salinity waters. This data are concordant with the general climate of the Late Jurassic and Lower Cretaceous characterised by high aunospheric CO 2 levels and by a monsoonal rainfall pattern (Weissert & Mohr, 1996) . CaCl 2 -rich brines with moderate to high salinity often occur around the margins of Mesozoic basins of central Europe, particularly in the vicinity of older granites (Heijlen, Muchez, Banks, & Nielsen, 2000; Lodemann et aI., 1998; Muchez et aI., 1995; Munoz et aI., 1994; O'Reilly et aI., 1997; WiLkinson et aI., 1995) , and have been related to th e early north Atlantic rifling and associated to the Triassic -Jurassic evaporites (HaJliday & Mitchell, 1984; Mitchell & HaJ Jiday, 1976; Munoz et aJ., 1999; O' Connor et aI., 1993) . Mineralizations can be spatially correlated to the granites formed by post-orogenic collapse in relation to intense fraclllring. It is proposed that high salinity H 2 0 -NaCI-CaCI 2 solutions, that originated from residual evaporite brines and formation waters, infiltrated into the basement along ex tensional structures (Behr & Gerler, 1987; Behr, Reutel, Horn, & Van den Kerkhof, 1994 , Reutel, Behr, Horn, Van den Kerkhof, 1994 . Other models propose a fluid flow system involving meteoric water that increased in salinity because of interaction with evaporiticbearing sequences, related to the Mesozoic extensional events (Muchez & Sintubin, 1998; Mun oz et aI. , 1999) . Fluid migration during Mesowic time in th e Spanish Central System belongs to a general history in the Variscan range, and can be compared to the model described in Munoz et a1. (1999) for fluids related to major Mesowic extensional events, coinciding with the opening of the Atlantic and Tethys oceans.
Conclusions
Barren quartz veins represent the latest event of the hydrothermal evolution in the Sierra de Guadarrama (Spanish Central System) and are characterised by two different fluids. The first fluid is represented by the H 2 0-NaCI system and characterised by low salinity. The isotopic data indicate a meteoric origin for this Huid. Tills early fluid is related to older hydrothermal events in the area: W-Sn-sulphide veins, episienites, As-Ag mineralizations and barite-fluorite veins. The youngest fluid belongs to the H 2 0 -NaCI-CaCh system and has high salinity. Ca-brines have not been found in the older hydrothermal events in the Sierra de Guadarrama. This later fluid represents meteoric water salt-enriched by dissolution of Triassic evaporites. PaJaeogeographic reconstructions of the Lower Cretaceous in this part of the Spanish Centra l System do not suggest low SD fluids commonly related to high-latitude and/or highaltitude. The most plausible explanation could be the ' amOlD1t effect', that leads to more negati ve rain waters th an expected at tropical latitudes, such as those observed in monsoonal climates.
F luid composition and evolution i n barren quartz veins of the Spanish CentraJ System are similar to other hydrothermal Post-Variscan events in centra l and south-western Europe. In all cases mineralization occurs around the margins of Mesozoic basins in the vicinity of granites and has been attributed to early Cretaceous Atlantic rifling. However, geochronological data suggest that several hydrothermal phases could be recorded in barren quartz veins up to Cretaceous. The first one (-270 Ma) is ubiquitous throughout the Spanish Central System, and represents a major hydrothermal circulation event, coincident with the Mid-Permian transition to extensional pre-rift tectonics. Other hydrothermal phases continued during the Mesowic time until th e Cretaceous. The late hydrothermaJ stage (-100 Ma) could be related to Ca-bearing fluids.
